This study aimed to describe pitching practices among youth baseball pitchers and associations among these practices and self-reported throwing injuries. A sample of Little League pitchers and their parents (n = 409) and high school pitchers (n = 293) completed a survey about their pitching practices and injury history. Among Little League pitchers, pitching in travel ball and pitching in a showcase were associated with pitching with elbow pain. Travel ball pitching and a higher proportion of games were associated with pitching with shoulder pain. For high school pitchers, playing in multiple leagues concurrently was associated with elbow and shoulder pain. Showcase pitching was associated with pitching with shoulder pain. Showcase participation and pitching with elbow pain were associated with elbow injury. Pitching with shoulder pain and tiredness were associated with shoulder injury. We describe pitching practices associated with youth injury, which may be useful for clinicians working with this population.
U
pper extremity pain is a common complaint among adolescent baseball pitchers. [1] [2] [3] [4] [5] In a longitudinal study by Lyman et al, 2 32% of the adolescent pitchers reported shoulder pain and 26% reported elbow pain during or after pitching. Another prospective study 1 reported that 50% of the adolescent pitchers experienced shoulder or elbow pain during the season. With a high prevalence of pain, identifi cation of the factors contributing to the complaints of arm pain is critical, especially because the pain may be a precursor to more severe shoulder and elbow injuries.
Various pitching practices have been linked to young pitchers' risk of experiencing shoulder pain, elbow pain, or both. [1] [2] [3] Specifi cally, playing baseball in multiple leagues, 2 performing a high volume of pitches, 1-3 pitching curve balls and sliders, 1 and pitching while experiencing arm pain and fatigue 2, 3 have been identifi ed as contributing factors to shoulder or elbow pain in adolescent pitchers. Thus, these practices are often considered high risk for young pitchers. Identifi cation of these factors is useful because modifi cation of these pitching practices through education and regulation changes may lead to prevention of upper extremity pain and injuries. 6 However, to date, the studies by Lyman et al 1, 2 are the only prospective studies that investigated pitching practices as the risk factors for the pitching-related upper extremity pain in adolescent and preadolescent pitchers. More epidemiological studies are needed to confi rm their fi ndings and to begin to investigate the associations between the pitching practices and pitching-related upper extremity injuries across age groups. Moreover, given that the pitchers in the studies by Lyman et al 1, 2 were between the ages of 9 and 14, there is a void in the literature on pitching practice and pitching-related injuries among high school baseball pitchers. Therefore, the primary purpose of the study was to describe pitching practices among Little League and high school baseball pitchers. The secondary purpose was to investigate the associations between selfreported pitching practices among adolescent pitchers and the self-reported upper extremity injuries among high school baseball pitchers.
METHODS

Instrumentation
This study used a cross-sectional survey design, with a cohort of Little League baseball pitchers (spring 2006) and a cohort of high school pitchers (spring 2007) completing the questionnaire. All participants completed institutional review board-approved, age-specifi c, informed assent and consent forms. Little League pitchers completed the questionnaire with their parents' help. High school pitchers completed the questionnaire following parental consent. Questions pertaining to the pitching practices included years of experience pitching in organized baseball; average number of innings pitched per game; primary role on the team (starter or substitute); types of pitches thrown; proportion of games pitched; any pitching in travel ball during the past 12 months; number of weeks pitching in leagues other than Little League or high school during the past 12 months (including number of weeks of overlap between the other league and Little League/high school); pitching with pain in the elbow or shoulder during the past 12 months; and any pitching when the arm or shoulder was tired during the past 12 months. The pain questions were separate for elbow and shoulder. The questions concerning pain were worded as follows: "Over the past 12 months, have you pitched with pain in your elbow/shoulder?" Tiredness was assessed by asking, "Over the past 12 months, have you pitched with arm tiredness?"
The history of self-reported pitching-related injuries was asked with 2 separate questions. One question focused on elbow injuries and the other on shoulder injuries. The questions were worded as follows: "In your shoulder/elbow, have you ever had an injury that prevented pitching for one week or more?" High school pitchers were also asked whether there were tasks at school or home that were diffi cult or impossible because of pain from pitching. No data of this nature were available in the Little League cohort because this question was included in surveys only after the original Little League data collection year. The question was added for the high school cohort after participant and parent comments on the Little League baseline survey indicated that individuals were having diffi culties with daily activities related to pitching injury history and pain.
Procedures
Little League. In April 2006, a letter of introduction regarding the study was e-mailed to all Little League Baseball League presidents (N = approximately 5,500), inviting their league to participate in the study. More than 200 league presidents expressed interest in participating in the study, and 100 leagues were contacted and recruited into the study. To be eligible, leagues had to compete in the Little League Major (or "regular") Division (age range, 9-12 years). In addition, each team averaged 4 pitchers per Major level team who pitched on a regular basis. Each league president was mailed a packet of materials (questionnaires, parental consent and child assent forms, and selfaddressed and postage-paid envelopes) to distribute to parents of pitchers who pitched on a regular basis at the Major level. After each pitcher and his parents completed the materials, they returned them to the league president, who then mailed the materials to the study investigators. A total of 2,339 packets were distributed to the 100 league presidents, and 413 questionnaires (all from male participants) and consent and assent forms were returned from 51 leagues. Of the 413, a total of 409 of questionnaires contained complete, usable data and completed consent forms.
High School. During the spring of 2007, a convenience sample of 135 high schools from 23 states across the country was selected for participation in the project. The criterion for selection was expected high probability of participation based on the presence of a certifi ed athletic trainer at the school who was willing to assist with the project. A packet of questionnaires and directions were mailed to the athletic trainers. The athletic trainer at each school distributed the packets to the pitchers on his or her high school baseball team(s). Each pitcher received a packet containing the appropriate consent and assent documents, the questionnaires, and instructions. The pitcher completed these documents and returned them to the athletic trainer in a sealed envelope. The athletic trainer then mailed the packets back to the study investigators. A total of 2,145 questionnaires were mailed and we received 304 completed questionnaires from 92 of the 135 high schools. A total of 293 of the 304 questionnaires had complete, usable data and were returned with completed consent and assent forms.
Data Analyses
General descriptive statistics and frequencies were used to examine demographic information and pitching practices among the youth pitchers. Associations among the pitching practices and reports of pain and tiredness were examined using chi-square tests of association to further describe the pitching practices among the youth pitchers. These pitching practices included pitching in multiple leagues concurrently (yes/no) during the past 12 months, pitching on a travel ball or travel team (yes/no) during the past 12 months, pitching in a showcase (yes/no) during the pain 12 months, pitching with elbow pain during the past 12 months (yes/no), pitching with shoulder pain during the past 12 months, pitching with arm tiredness during the past 12 months (yes/no), regularly pitching a curve ball (yes/no), regularly pitching a slider (yes/no), average innings pitched per game (1-2, 3+) in the current season, and proportion of games pitched (of 4) in the current season. In addition, associations were examined between these characteristics and self-reported lifetime throwing-related elbow and shoulder injuries in the high school cohort. There were too few injuries reported among the Little League cohort for meaningful analysis.
RESULTS
Descriptive statistics of the pitching practices captured in the study are presented in Table 1 . More than 40% of the high school pitchers reported pitching with pain elbow and shoulder pain during the past 12 months, compared with 18% of the Little League pitchers. A small proportion of high school pitchers reported diffi culties performing tasks at school (4%) and at home (7%).
Little League Cohort
Among the Little League pitchers, pitching in multiple leagues concurrently was associated with reports of pitching with tiredness (Table 2) . Pitching in at least 1 showcase during the past 12 months was signifi cantly associated with reports of pitching with elbow pain (Table 3 ) and with pitching with arm tiredness (Table 2) during the past 12 months. Pitching on a travel ball team was associated pitching with elbow pain (Table 3) and pitching with shoulder pain (Table 4 ) during the past 12 months. Pitching in more than 2 of every 4 games in the current season was associated with pitching with shoulder pain (Table 4) . No other associations were observed in the Little League cohort.
High School Cohort
In high school pitchers, only pitching in multiple leagues concurrently was associated with reports of pitching with elbow pain (Table 3) , shoulder pain (Table 4) , and arm tiredness (Table 2 ) during the past 12 months. Pitching in a showcase was associated with reports of pitching with shoulder pain during the past 12 months (Table 4 ). More than 20% of the high school pitchers reported an elbow injury resulting in 7 or more days lost to pitching, and more than 14% reported a shoulder injury resulting in 7 or more days lost to pitching. Pitching in a showcase during the past 12 months was associated with reports of elbow injury (Table 5) . Pitching with arm tiredness was also associated with reports of shoulder injury ( Table 6 ). As expected, pitching with elbow pain was associated with reported elbow injury, and pitching with shoulder pain was associated with reported shoulder injury.
DISCUSSION
This study was motivated by concerns that increased expectations in youth baseball have lead to an increase in the physical demands placed on the arms of young pitchers. Because there are limited data on pitching practices and overuse injuries in this population, the fundamental goal of this study was to provide descriptive statistics on these characteristics and self-reported injury occurrence related to pitching among young baseball pitchers.
Little League Cohort
The reported prevalence of pain and tiredness in the Little League population was lower compared with the high school cohort. This is likely due to the young age and experience of these pitchers, with approximately three-fourths of these pitchers reporting pitching for only 4 or fewer seasons. Although the reports of injuries were scarce among the Little League pitchers, approximately 20% of the pitchers reported experiencing elbow or shoulder pain while pitching. The high reports of pain in this population is concerning, especially considering that youth adolescent pitchers are skeletally immature and are therefore susceptible to growth plate injuries among other common baseball injuries. [7] [8] [9] [10] Special care needs to be taken when the Little League pitchers report pain.
Our data demonstrated that pitching with elbow pain was associated with pitching in a showcase and pitching for travel ball during the past 12 months. In addition, pitching for travel ball was also associated with reports of pitching with shoulder pain. These fi ndings emphasize the limitation of the pitch count regulation placed at the league level. Regulation of the pitch count at the league level does not limit the overall pitch count for the Little League pitchers who also pitch for the outside leagues, thus allowing them to pitch beyond what is safe. Regulation of the pitch count across the leagues may be necessary given that 20% of the Little League pitchers reported pitching on multiple leagues concurrently.
Although the previous studies 1,2 demonstrated an association between the pitch volume and the reports of pain, this relationship was not identifi ed in the current study. This may be attributed to the fact that the data from the study by Lyman et al 1, 2 were collected prospectively and validated against the scorebook, whereas our data relied on the response from a single survey.
High School Cohort
As expected, the older and more experienced high school pitchers reported more pitching arm injuries than did the Little League pitchers. It is concerning that approximately 20% of high school pitchers reported an elbow injury and 14% a shoulder injury of suffi cient severity to prevent pitching for 1 week or more. Four of every 10 high school pitchers participated in some form of travel ball. More than one-fourth had pitched in a showcase during the past year, and more than one-half reported pitching in 3 or 4 of every 4 games. These statistics suggest a large number of pitches thrown. Large volumes of pitching in a compact time period have the potential to lead to increased pain and arm fatigue, which may progress to overuse injury. [1] [2] [3] Concurrent play in multiple leagues and showcases was associated with pitching with elbow pain, pitching with shoulder pain, and pitching when the arm was tired. In turn, pitching with elbow pain was associated with elbow injury, and pitching with shoulder pain and arm fatigue was associated with shoulder injury. Our fi ndings are similar to those of other studies suggesting younger individuals who pitch more over the course of a baseball season are more likely to exhibit pain and possibly injury. surgical-related injury and pitching more months per year, more innings per game, more pitches per game, more pitches per year, and more warm-up pitches per game in adolescent pitchers. One prospective study 4 examining associations with elbow and shoulder pain also found that pitching fewer than 300 pitches or more than 600 pitches in a season were associated with elbow pain. We did not directly assess pitch counts; however, pitching in multiple leagues may serve as a proxy for increased numbers of pitches thrown in a given year. Of the practices we assessed, pitching in a showcase and pitching with arm tiredness were associated with injury reports. The fact that we observed a much higher occurrence of injury in the high school pitchers is likely due to the fact that the stress on the soft tissue increases with the level of participation. The rapid musculoskeletal development in youth also results in stronger muscles that allow the upper extremity segments to rotate about the shoulder and elbow at higher velocity, which also increases the demand of the soft tissues to stabilize the joint, potentially resulting in fatigue and injury. 2, 11 Although we did not measure these variables, these previous studies provide a potential explanation for the increased prevalence of pitching with pain, tiredness, and injury in the high school group.
The discrepancies among practices associated with elbow versus shoulder pain may be the result of other factors driving the pain, such as biomechanics, which we did not assess as part of this study. These fi ndings, although self-reported, are some of the fi rst to provide evidence of the many issues related to pitching practices and injury among high school baseball pitchers. In addition, they support the need for further and more detailed research into factors contributing to injury in this population. These results highlight the need for further examination of the contribution of the pitching practice on injury risk and development of injury prevention strategies in this population. In addition, prospective studies identifying the age and onset of injury are also needed.
Limitations
All information in this study was based on self-report and perceptions of pitching with pain and tiredness. Although this information is self-reported, it does provide a framework for information on pain and injury among youth baseball pitchers. In addition, this sample may have contained some bias due to the leagues and schools who chose to participate and those pitchers who then chose to respond. There was a low response rate across both cohorts, which may also contribute to this bias. It is important to note this study is descriptive in nature and cannot be used to draw causal relationships. The current study also focused only on injuries resulting in 1 week or more lost to pitching, which does not encompass all injuries. However, this study is one of few to describe injury-related factors and practices of both surgically related and chronic injuries in both Little League and high school baseball pitchers.
Future research should focus on larger groups and observable behaviors to better understand the relationship among injury precursors, pitching practices, and injury. The next phase of this research effort will overcome this limitation by prospectively following these pitchers for future injuries. Future research should also build on these fi ndings to include more concrete defi nitions and identifi cation of injury to better understand the factors in young pitchers that may lead to injury.
CONCLUSION AND IMPLICATIONS FOR CLINICAL PRACTICE
The older and more experienced high school pitchers have more pitching arm injuries than do Little League pitchers. Baseball pitchers playing at the high school level in our sample pitched, on average, more innings, in a larger proportion of games, and had a higher prevalence of pitching with pain and tiredness. The increased bone mass and increased upper arm mass in the older individuals may also increase the load on the shoulder and elbow. We identifi ed important associations among many of the pitching practices.
Our fi ndings, in conjunction with biomechanical studies, lend support to the importance of the regulation of pitch count in young athletes, both within and outside specifi c teams and leagues. This appears to be particularly true when pitchers are of high school age. Although our study supports the concept of pitchcount regulations to limit pitching volume in these athletes, the implementation of these regulations is problematic because signifi cant numbers of pitchers play concurrently in more than one league.
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